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$f$ : $(X, d)arrow(Y, \rho)$
: $\epsilon>0$ $\delta>0$ $x,$ $x’\in X$ $d(x, x’)<\delta$
$\rho(f(x), f(x’))<\epsilon$ $f$ $f$ $f^{-1}$
( $X$ , d) $A,$ $B$ $B$ $A$ $\epsilon$- $O_{\epsilon}(A)$ $B$
$A$ $A\subset_{u}B$
2 ( )
$(M, d)$ $M$ $X$ $C$ $\mathcal{E}_{*}^{u}(X, M;C)$
(proper) $f$ : $(X, d|_{X})arrow(M, d)$ $f=$ id on $X\cap C$
$\sup$-
$d(f, g)= \sup\{d(f(x), g(x))|x\in X\}\in[0, \infty] (f, g\in \mathcal{E}_{*}^{u}(X, M;C))$ .
2.1. $M$ $A$ $A$ $(M, d)$
$A$ : $(LD)_{M}$
$(*)A$ $X,$ $X$ $(M, d)$ $W’\subset W,$ $M$
$Z\subset uY$ $\mathcal{E}_{*}^{u}(W, M;Y)$
$i_{W}$ : $W\subset M$ $\mathcal{W}$ $\varphi$ : $\mathcal{W}\cross[0,1]arrow \mathcal{E}_{*}^{u}(W, M;Z)$
(1) $h\in \mathcal{W}$
(i) $\varphi_{0}(h)=h$ , (ii) $\varphi_{1}(h)=$ id on $X,$
(iii) $\varphi_{t}(h)=h$ on $W-W’$ 1 $\varphi_{t}(h)(W)=h(W)(t\in[0,1])$ ,
(iv) $h=id$ on $W\cap\partial M$ $\varphi_{t}(h)=id$ on $W\cap\partial M(t\in[0,1])$ .
(2) $\varphi_{t}(i_{W})=i_{W}(t\in[0,1])$ .
$A=M$ $M$ $M$ :($LD$ )
Edwards-Kirby [3]
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Edwards-Kirby $M$ $K$ $(LD)_{M}$
$(LD)_{M}$
2.1. ([6])
(1) ( ) $(M, d)$ $(N, \rho)$
$(M, d):(LD)\Leftrightarrow(N, \rho)$ :($LD$ )
(2) ( ) (i) $A\subset B\subset M$ $B:(LD)_{M}\Rightarrow A:(LD)_{M}$
(ii) $A\subset uN\subset M$ $N$ $n$ $A:(LD)_{N}\Leftrightarrow A:(LD)_{M}$
(3) ( ’1 ) (i) $A\subset uU\subset M,$ $B\subset M$ $U,$ $B;(LD)_{M}\Rightarrow A\cup B:(LD)_{M}$
(ii) $M=A\cup B$ $A,$ $B$ $n$ $A-B\subset u^{A}$
$A, B:(LD)\Rightarrow M:(LD)$
(4) ( ) $K$ $M$
$A\subset M$ $A$ : $(LD)_{M}\Leftrightarrow A\cup K$ : $(LD)_{M}$
(5) ( ) $M=K$ 1 $L_{i},$ $K$ $M$ $L_{i}$
$M$ $n$ $d(L_{i}, L_{j})>0(i\neq j)$
$M:(LD)\Leftrightarrow L_{i}:(LD)(i=1, \cdots, m)$ .
( $LD$ )
2.1. ( )
2.2. $\pi$ : $(X, d)arrow(Y, \rho)$
$(\natural)_{1}$ $Y$ $\mathcal{U}$ :
$U\in \mathcal{U}$ $\pi^{-1}(U)$
$\pi$ $U$
$(\natural)_{2}$ $y\in Y$ $\pi^{-1}(y)$ $X$
$(\natural)_{3}$ $x,$ $x’\in X$ $\rho(\pi(x), \pi(x’))\leq d(x, x’)$
$X$ $A$ $\epsilon>0$ 2
$x,$ $y\in A$ $d(x, y)>\epsilon$ $Y$ $n$
$X$ $n$ $\partial X=\pi^{-1}(\partial Y)$
Edwards-Kirby [3] Arzela-Ascoli
[5, Theorem l.1]






$\Phi$ $\Phi$ proper, cocompact (cf. [1])
(i) $\Phi$ $\Leftrightarrow$ $x\in X$ $\epsilon>0$ $g\in G$ $O_{\epsilon}(x)$
$O_{\epsilon}(gx)$
(ii) $\Phi$ $\Leftrightarrow\Phi$ proper, cocompact




$\pi$ : $\mathbb{R}^{n}arrow \mathbb{R}^{n}/\mathbb{Z}^{n}$ $\mathbb{R}^{n}$
( $LD$ ) 2.1 $\mathbb{R}_{r}^{n}=\mathbb{R}^{n}-O_{r}(0)(r>0)$
$\mathbb{R}_{\geq 0}^{n}=\{x\in \mathbb{R}^{n}|x_{n}\geq 0\}$ ( $LD$ )
(2) $\mathbb{H}^{n}$
( $LD$ )
(3) $(N, \rho)$ :
$M=(N\cross \mathbb{R}, d) d((x, t), (y, s))=\sqrt{\rho(x,y)^{2}+|t-s|^{2}}$
$M$ $\mathbb{Z}$ ( $LD$ )
$(N\cross[O, \infty), d)$ ( $LD$ )
2.2.
$\mathbb{R}^{n}$
$k_{\gamma}:\mathbb{R}^{n}\approx \mathbb{R}^{n}:k_{\gamma}(x)=\gamma x (\gamma>0)$
$\mathbb{R}_{s}^{n}=\mathbb{R}^{n}-O_{s}(0)(s>0)$ $\mathbb{R}^{n}$
$[5|$ $s>r\geq 0,$ $\epsilon>0$ $\mathcal{E}^{u}(i_{s,r}, \epsilon;\mathbb{R}_{s}^{n}, \mathbb{R}_{r}^{n})$ $\mathcal{E}^{u}(\mathbb{R}_{s}^{n}, \mathbb{R}_{r}^{n})$
$i_{s,r}$ : $\mathbb{R}_{s}^{n}\subset \mathbb{R}_{r}^{n}$ $\epsilon$-
2.2. $c,$ $s_{0}>0$ $\beta>\alpha>1$ $s>s_{0}$
$\psi:\mathcal{E}^{u}(i_{s}, c;\mathbb{R}_{s}^{n}, \mathbb{R}^{n})\cross[0,1]arrow \mathcal{E}^{u}(i_{s}, s;\mathbb{R}_{s}^{n}, \mathbb{R}^{n})$
:
(1) $h\in \mathcal{E}^{u}(i_{s}, c;\mathbb{R}_{s}^{n}, \mathbb{R}^{n})$
(i) $\psi_{0}(h)=h$ , (ii) $\psi_{1}(h)=$ id on $\mathbb{R}_{\beta s}^{n}$ , (iii) $\psi_{t}(h)=h$ on $\mathbb{R}_{s}^{n}-\mathbb{R}_{\alpha s}^{n}(t\in[0,1])$ ,
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(2) $\psi_{t}(i_{s})=i_{s}(t\in[0,1])$ ,
(3) $\psi(\mathcal{E}^{u}(i_{s}, c;\mathbb{R}_{S}^{n}, \mathbb{R}_{r}^{n})\cross[0,1])\subset \mathcal{E}^{u}(i_{s}, s;\mathbb{R}_{s}^{n}, \mathbb{R}_{r}^{n})$ for any $r<s.$
Lipschitz Lipschitz
Lipschitz
$h$ : $(X, d)arrow(Y, \rho)$
Lipschitz : $C>0$ $X,$ $X’\in X$
$\rho(h(x), h(x’))\leq Cd(x, x’)$ $h$ $h,$ $h^{-1}$ Lipschitz
Lipschitz
2.3. ($X$ , d) Lipschitz $n$ $X$ $L$
Lipschitz $\theta$ : $\mathbb{R}_{1}^{n}\approx(L, d)$ $\theta(\partial \mathbb{R}_{1}^{n})=Fr_{X}L$
$L_{r}=\theta(\mathbb{R}_{r}^{n})(r\geq 1),$ $L’=\theta(\mathbb{R}_{2}^{n}),$ $L”=\theta(\mathbb{R}_{3}^{n})$ $d(X-L, L_{r})arrow\infty(rarrow\infty)$
$L$
3.
($X$ , d) $A$ $X$ $\mathcal{H}_{A}^{u}(X, d)$ ( $X$ , d)
$A$
$\mathcal{H}_{A}^{u}(X, d)_{0}$ $\mathcal{H}_{A}^{u}(X, d)$ $id_{X}$
$\mathcal{H}_{A}^{u}(X, d)_{b}=\{h\in \mathcal{H}_{A}^{u}(X, d)|d(h, id_{X})<\infty\}$
$\mathcal{H}_{A}^{u}(X, d)$ $\mathcal{H}_{A}^{u}(X, d)_{0}\subset \mathcal{H}_{A}^{u}(X, d)_{b}$
3.1.






3.1. $X$ $L_{1},$ $\cdots$ , $L_{m}$ $X$ Lipschitz
$L’=L_{1}’\cup\cdots\cup L_{m)}’L"=L_{1}"\cup\cdots\cup L_{m}"$ $\mathcal{H}^{u}(X)_{b}$
$\mathcal{H}_{L"}^{u}(X)$ $\varphi_{t}(0\leq t\leq 1)$
$\varphi_{t}(h)=h$ on $h^{-1}(X-L’)-L’$ for any $(h, t)\in \mathcal{H}^{u}(X)_{b}\cross[0,1].$
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3.1. $n\geq 1$ $\mathcal{H}^{u}(\mathbb{R}^{n})_{b}$ $\mathcal{H}^{u}(\mathbb{R}^{n})_{b}$ $\mathcal{H}_{\mathbb{R}_{3}^{n}}^{u}(\mathbb{R}^{n})$
Alexander’s trick
3.2. $N$ 2 $C= \bigcup_{i=1}^{m}C_{i}$ $N$
$(\neq\emptyset)$ 2 $M=N-C$ $d$
$C_{i}$ $M$ $L_{i}$ $(M, d)$ Lipschitz
$\mathcal{H}^{u}(M, d)_{0}$ $\mathcal{H}^{u}(M, d)_{0}\simeq \mathcal{H}_{L"}^{u}(M)_{0}\approx \mathcal{H}_{C}(N)_{0}\simeq*$
$\mathcal{H}^{u}(\mathbb{R})_{b}$ $\ell_{\infty}$ [4] 3.1 $n\geq 1$ $\mathcal{H}^{u}(\mathbb{R}^{n})_{b}$ $\ell_{\infty}$
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